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(57) Abstract 

A power meter which is able to display the power consumed and the cost of power consumed over any given period. 
This device provides a continuous measurement of the electrical power consumed which gives a more accurate measure- 
ment than measurement at discrete intervals of time. Preferably the power meter of the present invention continuously 
converts the measured electrical power consumed by the load into a pulse train with its frequency proportional to the rate 
of power consumed, and utilises programmable digital frequency dividers (10) to provide signals to display (17) the power 
consumed and the cost of power consumed. 
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POWER METER WITH DISPLAY OF POWER CONSUMED AND COST OF POWER CONSUMED 

The present invention relates to electricity power 
meters and in particular to power meters which can be 
connected to the circuitry of an individual electrical 
5 appliance. 

Power recording units are, of course, known, as is 
a meter which shows the costing of the power 
consumption. Such a meter is shown in U.K. Patent 2 041 
5 88 in which the power consumption is read as a 

10 succession of discrete samples of a parameter of the 
mains supply, which are then fed via an analogue to 
digital convertor to a microprocessor operating in 
accordance with a stored programme. From which a signal 
is generated to display the power consumption and another 

15 signal to display the accumulated cost of the power 
consumed . 

However such a device suffers from several 
disadvantages, the main disadvantages being the discrete 
sampling, and the consequential use of the 

20 microprocessor. The present invention seeks to overcome 
these d i sad vantages . 

In one broad form the invention comprises a power 
meter adapted to continuously measure electrical power 
consumed by a load, which utilises input information on 

25 cost/kWh to calculate and display the total energy 

consumption and total cost accumulated during a time 
interval . 

In another form the invention comprises a power 
meter adapted to continuously measure electrical power 

3 0 consumed by a load and which continuously convert the 
measured electrical power consumed by the load into a 
pulse train signal with frequency proportional to the 
rate of power consumed, and which calculates and displays 
the energy consumption and the cost of the energy 

35 consumed. 

An embodiment of the present invention overcomes 
the bef orementioned problems of the prior art by 
providing a power meter having a power sensor/transducer, 
which converts continuously electrical power into a pulse 
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frequency signal, and utilizes programmable, digital 
frequency dividers to provide signals to display the 
power consumed and the costs of the power consumed. 

Electrical power meters according to a preferred 
embodiment of the present invention comprise: 

1. Means for continuously sensing the instantaneous 
power taken by the load and producing an analog output 
signal which continuously represents the power taken by 
the load ; 

2. Means for producing a pulse-train signal whose 
frequency continuously represents the instantaneous power 
taken by the load, thus being less sensitive to 
electrical noise interference than a sampling system; 

3. A system of touch-sensor, push button or switch 
programmable digital frequency dividers, rate 
multipliers, counters and timer to calculate the energy 
consumption and cost over a time interval initiated by 
the use and with a price/kWh information input by the 
user . 

4. The use of decimal rate multipliers to convert kWh 
into cost information. ; 

5. Features 3 and 4 above allow the use of electonic 
circuits selected and designed in view of implementation 
as dedicated VLSI chip(s) , thus ensuring a lower 
manufacturing cost and a higher reliability of the 
instrument than those using a sampling method for 
calculating power and eneirgy.. 

6. Touch-sensors or push-buttons or switches and 
digital displays to input information, and display 
results. These features result -in advantages of this 
embodiment of the present invention over known 
instruments or apparatus intended for siimilar 
applications: 

a) Higher accuracy and reliability, 

due to lower sensitivity to interf erenced of VFC 
based systems; 

b) Ease of production and lower manufacturing 
costs in large production runs due to ease of 
implementation in latest ASIC - VLSI 
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microelectronic technology . 

(ASIC » Application Specific Integrated Circuits 
VLSI = Very Large Scale Integrated Circuits) 
Other embodiments of the instrument of the present 
5 invention might differ in: 

the sensor type used to continuously measure the 
power taken by the load and produce an analog 
signal reflecting this power; 

the transducer type used to convert the analog 
10 signal representing the power into a 

pulse-f requency ; 

the detailed structure of the programmable digital 
dividers, rate multipliers, counters, timers and 
displays; 

i 5 - being a small, portable, self rcontained instrument, 

inserted by the user between the appliance and the 
electrical load, or 

being a panel instrument, installed in an 
appliance, or 

20 - being an instrument intended for switchboard 

installation, used for total energy metering in an 
installation; 

being a single-phase or a three-phase energy/cost 
meter . 

25 The features and advantages of the present 

invention will now be described with reference to an 
embodiment for the present invention in which: 

Fig. 1 illustrates schematically a block diagram of 
the analog circuitry of the present invention; 
30 Fig. 2 illustrates schematically a block diagram of 

the digital circuitry of the present invention; 

Pig. 3 illustrates a circuit diagram detailing one 
implementation of the block diagram shown in Fig, 1; and 

Fig. 4 illustrates a circuit diagram detailing one 
35 implementation of the block diagram shown in Fig, 2, 

The block diagram of the analog circuitry which 
performs power sensing is shown in Fig, 1, The active 
and neutral conductors from the mains supply form the 
input signal 1 of the power meter. A load (not shown) 
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may be connected to the active , neutral and earth 
conductors of a power point 2, for example, a standard 10 
amp power point* The earth conductor of the input signal 
1 is connected to the earth conductor of the power point 
2. The load may be an appliance, or a household 
circuitry, which is to be measured by the power meter and 
display the amount of power being consumed or its 
accumulated cost. The instantaneous input signal 1 is 
sensed with a voltage divider (in other embodiments it 
might be sensed with a transformer) to produce a voltage 
signal V 1 which is proportional to the instantaneous 

input signal 1. For example, V 1 = 5 volt corresponding 

to an input signal 1 of 240 volts* The instantaneous 
current drawn by the load connected to the power point 2, 
15 is sensed by a series resistance R connected between the 
neutral terminal of the power point 2 and the neutral 
terminal of the input signal 1. The voltage V 9 measured 

across the series resistance R is thus proportional to 
the instantaneous current drawn by the load. For 
example, V 2 = 1 volt corresponding to the instantaneous 

current drawn by the load. (Again, in other embodiments, 
it might be sensed by a current transformer.) The 
voltage and current signals and V 2 are then applied 

to operational amplifiers 3 and 4 to give impedance 
2 5 buffering such that changes in load resistance do not 

affect the proper circuit operation of the power meter. 
The signals and are then applied to an Analog 

Multiplier 5, which produces a voltage output signal 

which is proportional to power consumed by the load. The 
signal V\j is then applied to a Voltage-to-Frequency 

Converter 6 whichr produces a sinusoidal signal which has 
a frequency which is dependant on the magnitude of the 
signal V 3 . In an alternative embodiment, the analog 

multiplier and the Voltage-to-Frequency Converter may be 
35. combined in a single functional Integrated Circuit. An 
I optocoupler 7 may then be used to interconnect the analog 
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circuitry with the digital circuitry shown in Fig. 2) 
whilst providing electrical isolation between the two. 
An optocoupler typically consists of a light emitting 
diode which emitts electromagnetic radiation at the 
frequency of the sinusoidal signal, and a photo-sensitive 
transistor to receive this electromagnetic radiation and 
convert it to a pulse train for processing in the digital 
circuitry shown in Fig. 2. 

In Fig. 2, the digital pulse train produced by the 
circuitry of Fig. l is further processed to provide a 
display of the energy consumed (in kilowatt hours) , the 
power (in kilowatts), the time elapsed, or the actual 
cost (in dollars) of the power consumed by the load. 
Each of the functions may be selected on the keyboard 8. 
15 The rate, that is, the cost per kilowatt hour, is entered 
using the numerals on the keyboard. Any rate from 0.1 
cents to 99 cents per kilowatt hour may be entered. If 
an error is made during entry, the clear button 'C 1 may 
be pressed and a new rate is selected. The rate selected 
may be automatically displayed, and used to multiply the 
frequency of the incoming pulse train. Once the rate is 
selected, the circuitry uses the value, which is keyed 
in, to calculate the various functions which may be 
displayed. The power, cost or time elapsed may be 
25 displayed by pressing the appropriate keys on the 

keyboard 8. The power (in kilowatts) is displayed by 
pressing f P f , the cost (in dollars) is displayed by 
pressing '$', and the time (in days, hours, minutes) may 
be displayed by pressing 1 T' . 
30 The signals for displaying the power, cost or time 

are generated by the "Digit Latch and Decimal Point 

** - 

Control Module' 9. This module is a state machine which 
selectes the appropriate division, depending on the rate 
selected by the keyboard. The appropriate division is 
35 carried out by the 'Digital Frequency Divider' 10 and the 
'Rate Multiplier' 11. In the Digital Frequency Divider 
10, the frequency of the incoming pulse train is divided 
by either 1, 10 or 100 depending on the rate selected. 
The rate multiplier 11 coverts the incoming pulses to a 
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pulse train of frequency proportional to_ the selected 
rate (or cost per kilowatt hour) . 

The remainder of the circuitry operates on the 
pulse train to convert it into the desired display. This 

5 circuitry consists of two 'And gates' 12 and a '4 Decade 

Counter/latch 1 13 both of which are controlled by the 
"Gate and Counter/Latch Reset Controller 1 14. The 'Gate 
and Counter/Latch Reset Controller' 14 also causes the 
reset/start and stop sequences for measuring the cost of 

10 power consumed. The '4 Decade Counter Latch' 13 

accumulates the costs or energy. When the Power function 
'P' is selected, the counter is automatically reset every 
n seconds, displaying the average power. Also provided 
is a timer 15 which keeps track of time from minutes to 

15 99 days. The display selector 16 then tranmits to the 
display 17 the appropriate signal depending on the 
selected keyboard function. The display consists of four 
7-segment L.E.D • units and also, 4 L.E.D.s to indicate 
the selected display function. Alternatively a variable 

2 0 display can be provided to show any of the required 

parameters or individual displays can be provided for 
each of the functions. 

In Fig, 3 is shown a circuit diagram illustrating 
one implementation of the analog circuitry as shown in 

25 the block diagram of Fig. 1. 

Fig. 4 shows a circuit diagram illustrating one 
implementation of the digital circuitry as shown in Fig. 
2. It has a keyboard, a display, a rate multiplier and a 
digital, .frequency divider shown as 8, 17, 11 and 10 

30 respectively in Fig. 2. It is distinguished by a single 
Integrated Circuity labelled as 8748 on Fig. 4 which 
performs the functions of: firstly, accepting the rate 
from the keyboard and setting the rate into the rate 
miltiplier (shown as 11 in Fig. 2) ; secondly, 

35 accumulating the pulses representing the cost or power 

(shown as 7 in Fig. 2) ; thirdly, accumulating the pulses 
representing elapsed time (shown as 15 in Fig. 2); and 
finally, controlling the display to show the cost or 
power (shown, as 14 in Fig. 2). In this implementation. 
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by using VLSI custom integrated circuits, economy in 
parts is achieved* 

It will be recognised by persons skilled in the a 
that numerous variations and modifications may be made 
the invention as described without departing from the 
overall spirit and scope of the invention as broadly 
described herein. 
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THE CLAIMS: 

1. A power meter adapted to continuously measure 
electrical power consumed by a load, which utilises input 
information on cost/kWh to calculate and display the 
total energy consumption and total cost accumulated 
during a time interval, 

2. A power meter adapted to continuously measure 
electrical power consumed by a load and which 
continuously convert the measured electrical power 
consumed by the load into a pulse train signal with 
frequency proportional to the rate of power consumed, and 
which calculates and displays the energy consumption and 
the cost of the energy consumed. 

3. A power meter according to claims 1 or 2, for 
continuously measuring the electrical power consumed by a 
load, comprising: 

means for producing an analog signal which 
continuously represents the power taken, by the load? 

means for producing a pulse-train signal whose 
frequency continuously represents the instantaneous power 
taken by the load; 

a keyboard to input the cost per kilowatt hour, a 
dividing means to process the pulse train such that its 
frequency is proportional to the rate of energy 
consumption; and 

a display means to calculate and display the cost 
and the energy consumed by the load. 

4. A power meter according to claim 3, wherein the 
dividing means comprises switch-programmable digital 
frequency dividers and digital rate multipliers. 

5. A power meter according to claim 3 or 4> wherein 
the display means comprises gates, latches, counters, 
timers and their associated control circuitry. 

6. A power meter according to any one of claims 1 to 
5, incorporating means for continuously sensing the 
instantaneous power taken by the load and producing an 
analog output signal which continuously represents the 
power taken by the load. 

7. A power meter according to any one of claims 1 to 



WO 86/05887 PCT/AU86/00078 

- 9 - 

6, which uses decimal rate multiplieES to convert kWh 
information into cost information. 

8. A power meter according to any one of claims 1 to 

7, making use of electronic circuitry selected and 
designed in view of implementation as dedicated VLSI 
chip (s) . 

9. A power meter according to any one of claims 1 to 

8, incorporating touch-sensors or push-buttons or 
switches and alpha-numeric displays to input information 
and read results* 

10. A power meter according to any one of claims 1 to 

8, build as a small, portable, self-contained instrument, 
inserted by the user between the appliance and the 
electrical load. 

11. A power meter according to any one of claims 1 to 

9, built as a panel instrument, for installation in an 
appliance . 

12. A power meter according to any one of claims 1 to 
9, build as an instrument intended for switch-board 
installation, for total energy metering in an 
installation. 

13. A power meter according to any one of claims 1 to 
9, for single-phase or for three-phase energy/cost 

me ter ing. 

14. A power meter substantially as hereinbefore 
described with reference to the accompanying drawings. 



WO 86/05887 



PCT/AU86/00078 




WO 86/05887 



PCT/AU86/00078 

2/ 5 




6 




on 
















O 












0. 



T f f 





si 










SUBSTITUTE SHEET 



.WO 86/05887 



PCT/AU86/00078 




SUBSTITUTE SHEET 



PCT/AU86/00078 



2QpF\ 




T 5 



47k 




Pre, 



P17 



2$ 

3 



4o 



R2& 



P 25 



37 

35i 
24 

\P 27 



P23 



P 22 



34 



03 



D2 



76| 
V. 



D 1 



10 

30\ 

27] 



U/R 



P/3 



K1 



l<2l 



23 



-r •/ i 



+5V 




i i 5z 




WO 86/05887 



o / 5 



PCT/AU86/00078 



t 



t/oo 



13 

6.13.4 



10,11 



12 



14 



R 2 



15 



— II- 



DE- 



OA 



1 



tO 20 

14 1 

15 74C 

15 3 

17 4 
13 * 

f * S 

se 11 12 



Y1 



Y2 



Y4 



x2 



*3 



*4_ 



f2,1t 

*W IS 2 3 



5 V 



1 


Z 


3 


St* 


4 


s 


<3 


Sto 


7 


a 


e 






C 




• 






P 


$ 


T 







10tf 



D0 



D1 



D3 



D4 



ZO 

17-25 

-74C*> 
8 27 
1<c> 2/ 



2 
/ 

3 

4 
5 

7 



14 
13 

12 
11 
10 

9 



K2 



K3 



D1 



D4 



D6 







B 


B 


\fijH 




0 













X 



12 <o 7 9 13 
4 11 
14 3 53 10 12 



D1 



CCos/rtNUED ) 



5V 
i 



I 

10/laF 



INTERNATIONAL SEARCH REPORT 

Internotionoi Application Ho PCT/AU 86/00078 



t. CLASSIFICATION Of SUSJICT MATTI* ; s t#.«-»< cfasa.'cjuon tvmao s laoh ~*d.ca:e t»«i • 



According, to International Patent Claeai/i canon (IPC) or to oom National Ciiinficmon tod IPC 

Int. CK 4 G01R 22/00, 11/56 



II. F1ILOS St AACHIO 



Minimum Ooeumentatien Seercnee * 



CtaaatficatiOA System 



Ciatfifieanon Srmooia 



IPC 



G01R 11/56, 11/57, 21/133, 21/06, 22/00 



Ooeumtntation Searched other than Minimum Documentation 
to tht Extant tne! eucn Oocuments art Included m the f iaida Searched • 



AU 



IPC as above 



HI. OOCUMfNTS CONSIO**ID TO Bt ftfLIVANT* 



Category * | Citation of Document. " with indication, whore appropriate, of the rofevcnt peeaageo •» ( Relevant to Claim No. •> 



* 

X 
X 

X 
X 



X 
X 



GB,A, 2148565 (JEL ENERGY CONSERVATION SERVICES 
LIMITED (U.K.)) 30 May 1985 C30. 05.85) 

GB,A, 2133594 (TAYLOR et al) 25 July 1984 (25.07.84) 

GB,A, 2041588 (DAY et al) 10 September 1980 
(10.09.80) 

GB,A, 1500509 (JORDAN) 8 February 1978 (08.02.78) 
(li A il 4 fo) 59 ° ( - GILKES0N et al > 11 November 1980 

yh A ^ 4 H 557 (SILKESON et al) 10 June 1980 
(10.06.80) 

US,A, 4147978 (HICKS) 3 April 1979 (03.04.79) 

EP,A1, 15120 (SOUTH EASTERN ELECTRICITY BOARD) 
3 September 1980 (03.09.80) y 

W0, 82/0348 2 (DUP0NT ENERGY MANAGEMENT CORPORATION) 
14 October 1982 (14.10.82) r^m^nj 

f*» 2399028 (ELECTRICITE DE FRANCE) 23 February 1979 

Continued 



1,9-13 

1-13 
1,8-13 

1,2,9-13 
1,2,9-13 

1,2,9-13 

1,2,6,8-13 

1.8- 13 

1.9- 13 
1,8-13 



• Special caiegencc of cited documente: 

"A" document defining tha general state of tha al which it not 
considered to oa of particular reievence 

•*rinr document Out pubuoned on or after the international 
filing aate 

"L" document which may throw douOta on priority cUim(e) or 
wmch ia cued to eetabhen the ouoiication data of another 
citation or other asocial reaaon (aa i oecjf>eo> 

*0" document referring to an oral disclosure, ueo. exhibition or 
other meant 

document published prior to tho international filing date Out 
later than the priority date ciaimeO 



•V later document ouOtieneo after the tnternetionei filing date 
or priority oate and not m conflict with me eoolicanon out 
cited to understand th« prmctoie or tnoory underlying me 
invention 

•X" document of particular relevance: the claimed invention 
cannot Oe considered novel or cannot bo conatdered to 
involve en inventive ateo 

•Y" document of particular relevance; the claimed invention 
cannot oe considered to involve an inventive atep wnen tne 
document it comomeo with one or more other even docu* 
mema. luch comomation oetng oovioua to a person tfcjiieo 
in the art. 

'4" document member of the tame patent family 



IV. CSftTI'ICATIO* 



Oate of tho Actual CompJotion ol the internatienoJ Search 

30 June 1986 (30.06.86) r ~ 



I 0*U of Mailing «f mil lm«Mtiw4l SmtcA Krgot 

07 tfOuy 



ImometooneJ Searchmf Authority 

Australian Patent Office 



fotm PCT/ISA/210 'eocene shoet) loervoery itOJ) 




R. T0LHURST 



— . -J • - 



intarnational Aool>cat>on No. PCT/AU 86/00078 
FURTHER I M FORMATION CONTINUED FROM THE SECOND SHCET 



X ; DE,A1, 3320253 CVIGENER) 6 December 1984 (06 •12.84) 
X 0E » 336U67 (K0RTING et al ) 23 April 1921 U3.04.21) 
X DE, 334117 (K0RTING et al) 9 March 1921 (09.03.21) 



(06 


.12 


.84) 


1,8-13 


U3 


.04 


.21) . 


1,10-13 


(09 


.03 


.21) 


1,10-13 




Thia International search report has not been eaiaohsned in rtioact of ecrtain claims under Article 17(2) (a) lor the following reasons 
1.~ Claim numbers bacausa they rciitt to subject matter nor raquirad to bo searched by this Authority, namaly: 



2.f"l Claim numbers ........ bacausa may relate to oarts of ma international aoolication mat do not comply with tne prescnoed require* 

mants to aucn an attam that no meaningful international saarcn can oe carneo out. specifically 



3 Q Clmm numoers bacausa may a/a d sjpaexn m claims and art not drafted »n accordanca) with tne) second and third sent 

PCT Ruta «.4<a). 



of 



Vt.l — OBSERVATIONS WHERE UNITY OP INVENTION IS LACKING « 



This International Searching Authority found muWoie Indentions In thia International aoolication aa follows: 



Aa all required additional search leea were timely paid b* ihe applicant, thia international aaarcn rapon covers all searchable cieime 
of ma international application. 

jj~ * A a only tome of the required •dditionai jeareh fees were tlmol» ?eld by the applicant, thia international search reoort covars only 
those claims of the international sppitcaucn for wnicn faua wom paid, specifically claims: 

Xf~) No required sddittonal search feea were timely paid by the spolicant. Consequently, thia international search report Is restricted to 
the invention first mentioned In tne claims; it is covered by claim numbers: 



4.(~" As all searcnable claims could be searched without effort justifying an additional fee. the International Searching Authonty did not 
* mvita payment of any additional lee. 

Remark on Protest 

PI The additions! search feea were accomoamed by appllcanfa protest. 

f"l No protest accompanied the payment of additional searcn fees. 



Form PCT, ISA/710 (supplemental sneet (2)) (January 19ES1 



/ 
/ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

Gtfaded TEXT OR DRAWING 

□ blurred or illegible text or drawing 
□Skewed/slanted images 

□ color or black and white photographs 



□ GRAY SCALE DOCUMENTS 




LINES OR MARKS ON ORIGINAL DOCUMENT 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



